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[57] ABSTRACT

In a torque sensor, an oscillating voltage from an oscil-
lator is applied to a torque detecting coil and a tempera-
ture compensating coil, and voltages from the torque
detecting coil and the temperature compensating coil
are input to a differential amplifier which produces a

differential-amplified voltage for detection of a torque,
wherein when the oscillator has ceased producing the
oscillating voltage, a prescribed voltage 1s applied to a
circuit through which the voltage from the torque de-
tecting coil or the temperature compensating coil is
input to the differential amplifier, thereby causing the
differential amplifier to output a voltage shifted outside
a prescribed range and thus detecting a failure of the
oscillator.

- 15 Claims, 2 Drawing Sheets

124

=/
o> ST

— OP2_4

m- . ' .
OFFSET VOLTAGE} 111
GENERATOR _

R
Fref

DETECTOR
OFFSET VOLTAGE] 112



5,406,834

Sheet 1 of 2

Apr. 18, 1995

U.S. Patent

JOLVdiINID

1 39vL10A _ _
145440 w0103.3a] [11now1o
211 LVED dWY 19
o d3T14I7dWY m— —
LS =T qv1INT¥I 4410 vel _
¢ 4010313a} |1IN0YI0
| LVEE dWY 19 * _
OLVYYINID , 71|
319V 1 10A cel”™ Ll G| | \
1393440 4010313a] [r1nod1o] S | S
L1 | XY 3d dWV 19
| AT 4T TdWV A Q1| N ——0
1S IVIINTYIA4IC _ e _
_ C1¥o103L3al 11Ino¥Io LINOAIO| Lyn 1v111950
v ¥V 3d dWY 190 4344N8 _
02 | 91 | Ll 0Ll
14y 10144
| "8 1 4



5,406,834

Sheet 2 of 2

~ Apr. 18, 1995

U.S. Patent

3OV.1 10A Emu_n_o

dOLVYINID

dOLVYINID
19V .1 10A 148440

|

w_o._om:m_o ::ow:o
Vg dWV 12

ezl” 6L
NV dd dV 10
¢ | Lt

80193134 |LINJYIV
AVid dAV 10

311

4010313a] [L1no¥I0|
Wid [ | dWv1o

0c¢ | 311

1INJYI
d3440N8

el

dOLV11I080

011

Z '8 4



5,406,834

1
TORQUE SENSOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a torque sensor, and
more particularly to a torque sensor suitable for use in a
vehicle power steering system and the like.

2. Description of Related Art

A power steering system which provides steering
assisting power for a vehicle incorporates a torque sen-
sor that detects a torque exerted on the steering shaft
when the steering wheel is turned; based on the torque
detected by the torque sensor, a motor is actuated to
assist the steering force.

FIG. 1 1s a block diagram showing the configuration
of a prior art torque sensor. An oscillator 110 produces
an oscillating voltage which is passed through a buffer
circuit 113 and applied to a torque detecting coil 114
and a temperature compensating coil 115 through re-
spective voltage dividing resistors Rg and Rg. The
torque detecting coil 114, which is mounted in encir-
cling relationship to a steering shaft (not shown), is so
constructed that its impedance changes according to
the torque exerted on the steering shaft and to the ambi-
ent temperature. An AC voltage generated in the
torque detecting coil 114 is supplied to clamp circuits
118 and 119. The temperature compensating coil 115,
which is also mounted in encircling relationship to the
steering shaft, is so constructed that its impedance
changes according to the ambient temperature. An AC
voltage generated in the temperature compensating coil
115 is supplied to clamp circuits 116 and 117.

Output voltages of the clamp circuits 116 and 118 are
input to peak detectors 120 and 121, respectively, and
output voltages from the peak detectors 120 and 121 are
input to a differential amplifier 124. Likewise,. output
voltages of the clamp circuits 117 and 119 are input to
peak detectors 122 and 123, respectively, and output
voltages from the peak detectors 122 and 123 are input
to a differential amplifier 125. The differential amplifiers
124 and 125 are also supplied with offset voltages out-

put from offset voltage generators ill and 112, respec-

tively. The differential amplifier 124 outputs a torque
signal S71, an output voltage representing the detected
torque; the differential amplifier 125 outputs a torque
signal S, an output voltage representing the detected
torque.

In the torque sensor of the above configuration, when
the oscillator 110 is energized, the oscillating voltage
produced is applied through the buffer circuit 113 to the
torque detecting coil 114 and the temperature compen-

sating coil 115. As a result, the torque detecting coil 114

generates an AC voltage which varies with the ambient
temperature as well as with the torque exerted from the
steering wheel; the AC voltage thus generated is sup-
plied to the clamp circuits 118 and 119. On the other
hand, the AC voltage generated in the temperature
compensating coil 115 varies with the ambient tempera-
ture and is supplied to the clamp circuits 116 and 117.

The clamp circuits 116, 117, 118, and 119 each clamp
the voltage by applying such a bias that the voltage
waveform is shifted to the positive voltage side until the
maximum negative value of the input AC voltage be-
comes equal to 0 V. The output voltages of the clamp
circuits 116 and 118 are fed to the peak detectors 120

and 121, respectively, while the output voltages of the

clamp circuits 117 and 119 are fed to the peak detectors
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2
122 and 123, respectively. Each of the peak detectors
120, 121, 122, and 123 detects the peak value of the input
AC voltage.
The output voltages of the peak detectors 120 and 121
are input to the differential amplifier 124, and the output

voltages of the peak detectors 122 and 123 are input to
the differential amplifier 125. The differential amplifier
124 amplifies the difference between the voltages ap-
plied from the peak detectors 120 and 121, and adds the
offset voltage to the result. Likewise, the differential
amplifier 125 amplifies the difference between the volt-
ages applied from the peak detectors 122 and 123, and
adds the offset voltage to the result. Accordingly, the
differential amplifiers 124 and 125 produce output volt-
ages respectively offset against the voltage associated
with the ambient temperatures of the torque detecting
col 114 and the temperature compensating coil 115,
thus obtaining two output voltages, i.e. the torque sig-
nals S and Sy, proportional to the torque applied.
The offset voltages are applied to set the torque signals,
S71 and S7y, to the midpoint of the torque signal when
no torque is apphed.

Therefore, when no torque is applied, the output
voltages of the differential amplifiers 124 and 125 corre-

spond to the respective offset voltages; on the other
hand, when a torque is applied, the output voltage
changes in increasing or decreasing direction with re-
spect to the offset voltage according to the direction of
the applied torque, based on which the steering direc-
tion and the applied torque are detected. The torque
signals S11 and S73, proportional to the detected torque,
are then applied to a power steering control circuit (not
shown). Based on one or other of the applied torque
signals, S71 or S1, the power steering control circuit
controls the rotation of the motor to assist the steering
force. If the voltage difference between the torque sig-
nals S and S becomes greater than a prescribed
value, then the situation is determined as an erroneous
detection of the torque due to a failure in the torque
detected, detector, and control of the motor to assist the
steering force is stopped.

When a torque 1s being exerted by steering action at
the steering wheels, if the oscillating voltage disappears
due to a failure of the oscillator 110, the AC voltages
both in the torque detecting coil 114 and the tempera-
ture compensating coil 115 will also disappear if this
happens, the torque signals being output from the differ-
ential amplifiers 124 and 125 both return to the offset
voltage, i.e. the midpoint voltage of the torque signal
which 1s normally obtained when no torque is applied,
and as a result, control of the motor rotation to assist the
steering force is turned off. Even when [he oscillator
110 fails, the power steering control circuit continues to
operate with the output voltages of the differential am-
plifiers 124, 125 both set at the midpoint voltage of the
torque signal. If the oscillator 110 resumes normal oper-
ation due to some cause, the differential amplifiers 124
and 125 again output torque signals proportional to the
torque being exerted, based on which signals the rota-
tion of the steering assisting motor is controlled. Thus,
in cases in which the oscillator 110 intermittently fails,
control of the motor rotation to assist the steering force
becomes imtermittent, which hampers stable steering

operation.
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SUMMARY OF THE INVENTION

It 1s an object of the invention to provide a torque
sensor capable of detecting a failure of an oscillator in
case the oscillator fails.

It is another object of the invention to provide a
torque sensor which 1s capable of obtaining a signal
signifying the detection of a failure of an oscillator in
case the oscillator fails, and of disabling the control
operation of the steering assisting motor based on that
signal. |

It 1s a further object of the invention to provide a
torque sensor which ensures stable steering operation
by preventing the rotation of the steering assisting
motor from being controlled intermittently when the
oscillator fails intermittently. |

According to the invention, there i1s provided a
torque sensor in which an oscillating voltage produced
by an oscillator is supplied to a torque detecting coil and
a temperature compensating coil, and voltages from the
torque detecting coul and the temperature compensating
coil are input to a differential amplifier that produces a
differential-amplified voltage for detection of a torque,
having a voltage supply circuit for applying a pre-
scribed voltage to a circuit through which the voltage
from the torque detecting coil or the temperature com-
pensating coil voltage is input to the differential ampli-
fier, wherein when the oscillating voltage from the
oscillator disappears, the output voltage of the differen-
tial amplifier is shifted outside a prescribed range by the
application of the voltage output from the voltage sup-
ply circuit.

When the oscillating voltage produced by the oscilla-
tor is applied to the torque detecting coil and the tem-
perature compensating coil, the torque detecting coil
~ generates a voltage proportional to the torque being
exerted and the ambient temperature, and the tempera-
ture compensating coil generates a voltage proportional
to the ambient temperature. By differential-amplifying
the voltages output from the torque detecting coil and
the temperature compensating coil, a voltage is ob-
tained which varies within a prescribed range accord-
ing to the applied torque. When the oscillating voltage
from the oscillator disappears, the voltage supply cir-
cuit applies a prescribed voltage to one or other of the
voltages to be differential-amplified, so that the differ-
ential-amplified voltage is shifted outside the prescribed
range. A failure of the oscillator can thus be detected by
the amount of the variation of the differential-amplified
voltage.

The above and further objects and features of the
invention will more fully be apparent from the follow-
mng detailed description with accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing the configuration
of a prior art torque sensor.

FIG. 2 1s a block diagram showing the configuration
~ of a torque sensor according to the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention will be described in detail
below with reference to the accompanying drawing
showing one embodiment.

FIG. 2 is a block diagram showing the configuration
of a torque sensor according to the invention. An oscil-
lator 110 produces an oscillating voltage which is
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4
passed through a buffer circuit 113 and applied to a
torque detecting coil 114 and a temperature compensat-
ing coil 115 through respective voltage dividing resis-
tors Rg and Rg. The torque detecting coil 114, which is
mounted 1n encircling relationship to a steering shaft
(now shown), is so constructed that its impedance
changes according the ambient temperature and the
torque exerted on the steering shaft. An AC voltage
generated in the torque detecting coil 114 is supplied to
clamp circuits 118 and 119. |

The temperature compensating coil 115, which is also
mounted in encircling relationship to the steering shaft,
1s 50 constructed that its impedance changes according
to the ambient temperature. An AC voltage generated
in the temperature compensating coil 115 is supplied to
clamp circuits 116 and 117. Output voltages of the
clamp circuits 116 and 118 are input to peak detectors
120 and 121, respectively, and output voltages of the
peak detectors 120 and 121 are respectively input to an
inverting input terminal “—” and an noninverting input
terminal “+” of an op-amp (operational amplifier)
OP»4 in a differential amplifier 124.

Likewise, output voltages of the clamp circuits 117
and 119 are input to peak detectors 122 and 123, respec-
tively, and output voltages of the peak detectors 122
and 123 are respectively input to an inverting input
terminal “~” and an noninverting input terminal ““+”
of an op-amp OP35 in a differential amplifier 125. The
noninverting input terminals “+”° of the op-amps OPy4
and OP»s are also supplied with an offset voltage from
respective offset voltage generators 111 and 112. The
differential amplifier 124 outputs a torque signal S7y, an
output voltage representing the detected torque, while
the differential amplifier 125 outputs a torque signal S,
an output voltage representing the detected torque. The
inverting input terminal “—" of the op-amp OP,sis also
supplied with a reference voltage E,.; a voltage ob-
tained by dividing a power supply voltage E through
voltage dividing resistors Rj and Rjy. The reference
voltage E,.ris chosen to be slightly lower than the volt-
age applied to the inverting input terminal “—*’ during
the oscillating operation of the oscillator 110.

Next, the operation of the above torque sensor will be
described.

When the oscillator 110 is energized, the oscillating
voltage produced 1s applied to the torque detecting coil
114 and the temperature compensating coil 115. As a
result, AC voltages are generated in the torque detect-
ing coil 114 and the temperature compensating coil 115.
The AC voltage generated in the torque detecting coil
114 varies with the ambient temperature and the torque
exerted on the steering shaft when the steering wheel is
turned; this AC voltage is supplied to the clamp circuits
118 and 119. On the other hand, the AC voltage gener-
ated In the temperature compensating coil 115 varies
with the ambient temperature; this AC voltage is sup-
plied to the clamp circuits 116 and 117.

The clamping circuits 116, 117, 118, and 119 each
clamp the voltage by applying such a bias that the volt-
age waveform is shifted to the positive voltage side until
the maximum negative value of the input AC voltage
becomes equal to O V. The output voltages of the clamp
ctrcuits 116 and 118 are supplied as inputs to the peak
detectors 120 and 121, respectively, while the output
voltages of the clamp circuits 117 and 119 are supplied
as inputs to the peak detectors 122 and 123, respec-
tively. Each of the peak detectors 120, 121, 122, and 123
detects the peak value of the input AC voltage.
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The output voltages of the peak detectors 120 and 121
are respectively applied to the inverting and noninvert-
ing input terminals “—" and “+’ of the op-amp OP341n
the differential amplifier 124. Likewise, the output volt-
ages of the peak detectors 122 and |23 are respectively
applied to the inverting and noninverting input termi-
nals “—" and “-+” of the op-amp OP>s5 in the differen-
tial amplifier 125. The differential amplifier 124 ampli-
fies the difference between the voltages applied from
the peak detectors 120 and 121, and adds the offset
voltage to the result. The differential amplifier 1235 am-
plifies the difference between the voltages applied from
the peak detectors 122 and 123, and adds the offset
voltage to the result. Accordingly, the differential am-
plifiers 124 and 125 produce output voltages respec-
tively offset against the voltage associated with the
ambient temperatures of the torque detecting coil 114
and the temperature compensating coil 1135, thus obtain-
ing two output voltages proportional to the torque
being exerted on the steering shaft, i.e. the torque sig-
nals S71 and Sn.

During the oscillating operation of the oscillator 110,

10

15

20

since AC voltages are generated in the torque detecting

coil 114 and the temperature compensating coil 115, the
inverting input terminal “-—"* of the op-amp OP>sin the
differential amplifier 125 is held at a voltage related to
the AC voltage in the temperature compensating coil
115. Therefore, the diode D remains OFF, and a volt-
age related to the reference voltage E.ris not applied to
the inverting input terminal “— "’ of the op-amp OP351n
the differential amplifier 125.

More specifically, when no torque is applled the
output voltages of the differential amplifiers 124 and 125
correspond to the respective offset voltages; on the
other hand, when a torque is applied, the output voltage
changes in increasing or decreasing direction with re-
spect to the offset voltage according to the direction of
the torque, based on which the steering direction and
the applied torque are detected. When the torque sig-
nals S71 and S7», proportional to the detected torque,
are applied to a power steering control circuit (not
shown), the power steering control circuit controls the
rotation of the steering assisting motor on the basis of
the torque signal S1;, for example. If the voltage differ-
ence between the torque signals S and St becomes
greater than a prescribed value, then the situation is
determined as an erroneous detection of the torque due
to a failure in the torque detector, and control of the

25

30

35

40

45

motor rotation to assist the steering force is stopped, .

thus preventing the steering force from being assisted
on the basis of the erroneously detected torque.

When the oscillator 110 fails and the oscillating volt-
age has disappeared, the AC voltages in the torque
- detecting coil 114 and the temperature compensating
coil 115 are reduced to 0 V. As a result, the output
voltages of the peak detectors 120, 121, 122, and 123
drop nearly to 0 V. When the output voltage of the peak
detector 122 drops nearly to 0 V, the diode D is ON,
and a voltage equal to the reference voltage E,.rderived
through the voltage dividing resistors R; and Ry and
- subtracted by the forward voltage drop of the diode D
is applied to the inverting input terminal “—> of the
op-amp OP3s5 in the differential amplifier 125.

In this case, the differential amplifier 124 outputs the
torque signal S corresponding to the offset voltage; on
the other hand, since the voltage equal to the reference
voltage E, minus the forward voltage drop of the
- diode D is applied to the inverting terminal “—” of the
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op-amp OPjs, the output voltage of the differential
amplifier 125 becomes nearly 0 V, thus producing a
torque signal Sy, shifted outside the voltage change
range of the normal torque signal St that varies with
the applied torque. This results in a large voltage differ-
ence between the torque signals S71 and Sy, thus de-
tecting the failure of the oscillator 110, i.e. the oscillator

110 having ceased its oscillating operation. Based on
this voltage difference between the torque signals St

and Sp, the power steering control circuit determines
that the oscillator 110 has failed, and stops controlling
the rotation of-the steering assisting motor on the basis
of the torque signal S71; thus, once the oscillator 110 has
failed, the steering assisting motor remains deactuated.
Therefore, even if the oscillator 110 recovers from fail-
ure intermittently, the steering assisting motor will not
be actuated intermittently each time the oscillator 110
recovers from failure. This ensures stable steering oper-
ation.

In this embodiment, a voltage based on the reference
voltage is applied to the inverting input terminal of the
op-amp in the differential amplifier, but in an alternative
configuration, this voltage may be applied to the nonin-
verting input terminal. In this latter case, the output
voltage of the differential amplifier will become sub-
stantially shifted in the positive direction outside the
voltage change range of the output signal obtained
proportion to the applied torque, and a large voltage
difference between the two torque signais will be de-
tected, as in the above-described embodiment.

As described above, according to the torque sensor of
the invention, when the oscillator that applies the oscil-
lating voltage to the torque detecting coil and the tem-
perature compensating coil has failed and the oscillating
voltage has disappeared, the failure can be detected
accordingly. Therefore, after the oscillator has failed,
the steering assisting motor is disabled by the signal by
which the failure has been detected. The invention thus
provides a torque sensor of high reliability that ensures
stable steering operation by preventing the steering
assisting motor from being actuated each time the.oscil-
lator recovers from failure.

As this invention may be embodied in several forms
without departing from the spirit of essential character-
istics thereof, the present embodiment is therefore illus-
trative and not restrictive, since the scope of the inven-
tion is defined by the appended claims rather than by
the description preceding them, and all changes that fall
within metes and bounds of the claims, or equivalence
of such metes and bounds thereof are therefore intended
to be embraced by the claims.

What is claimed 1s:

1. A torque sensor for a motor operated power steer-
ing system in which an oscillating voltage from an oscil-
lator is supplied to a torque detecting coil and a temper-

- ature compensating coil, and voltages from said torque

65

detecting coil and said temperature compensating coil
are input to a differential amplifier that produces a dif-
ferential-amplified wvoltage for detection of a torque,
comprising: ~

a voltage source,

a pull-up circuit for applying a prescribed voltage
from said voltage source to a circuit through which
the voltage from said torque detecting coil or said
temperature compensating cml is input to said dif-
ferential amplifier

when said oscillator has ceased producing the oscil-
lating voltage to shift the output voltage of said
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differential amplifier outside a prescribed voltage
range 1n which the motor operates the power steer-
ing system.

2. A torque sensor according to claim 1, wherein

said torque sensor is mounted in a power steering
apparatus that provides steering assisting power for
a vehicle. |

3. A torque sensor for detecting a torque, comprising:

means for producing an oscillating voltage;

a first coil to which the oscillating voltage is applied
and which produces a first voltage corresponding
to the torque to be detected and an ambient temper-
ature; :

a second coil to which the oscillating voltage is ap-
plied and which produces a second voltage corre-
sponding t0 an ambient temperature;

means for differential-amplifying the first and said
second voltages input thereto;

a voltage source; and

pull-up circuit means for applying a prescribed volt-
age from said voltage source to a circuit interposed
between said first coil and said differential amplify-
ing means, or to a circuit interposed between said
second coil and said differential amplifying means,
when said oscillating means has ceased producing
the oscillating voltage.

4. A torque sensor according to claim 3, wherein said

voltage source produces the prescribed voltage which

1S a constant voltage smaller in magnitude than a volt-

age 1mnput to said differential amplifying means during
the oscillating operation of said oscillating means; and
sald pull-up circuit means includes:

a diode inserted in a path connecting said voltage
source with the circuit interposed between said
first coil and said differential amplifying means
or with the circuit interposed between said sec-
ond coil and said differential amplifying means.

5. A torque sensor according to claim 3, further com-

prising: |

means for providing an offset voltage to said differen-
tial amplifying means.

6. A torque sensor according to claim 3, wherein

said first coil and said second coil are mounted in

S
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encircling relationship to a steering shaft, and said 45

torque sensor detects a torque exerted on the steer-
ing shaft.

7. A torque sensor for detecting a torque, comprising:

means for producing an oscillating voltage;

a first coil to which the oscillating voltage is applied
and which produces a first voltage corresponding
to the torque to be detected and an ambient temper-
ature; |

a second coil to which the oscillating voltage is ap-

plied and which produces a second voltage corre-

sponding to an ambient temperature;

two differential amplifying means for differential-
amphifying said first and said second voltages input
thereto; and

pull-up circuit means for applying a prescribed volt-
age to a circuit interposed between said first coil
and one of said differential amplifying means, or to
a circuit mterposed between said second coil and
one of said differential amplifying means, when
said oscillating means has ceased producing the
oscillating voltage to shift the output of the differ-
ential amplifier to which the prescribed voltage is
applied outside a prescribed voltage range.
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8. A torque sensor according to claim 7, wherein said

pull-up circuit means includes:

means for generating a constant voltage that is
smaller in magnitude than a voltage input to one of
said differential amplifying means during the oscil-
lating operation of said oscillating means; and

a diode inserted in a path connecting said constant
voltage generating means with the circuit inter-
posed between said first coil and one of said differ-
ential amplifying means or with the circuit inter-
posed between said second coil and one of said
differential amplifying means, said diode becoming
conductive when the oscillating voltage ceases.

9. A torque sensor according to claim 7, further com-

prising:

means each for providing an offset voltage to one and
the other of said differential amplifying means,
respectively.

10. A torque sensor according to claim 7, wherein

sald first coil and said second coil are mounted in
encircling relationship to a steering shaft, and said
torque sensor detects a torque exerted on the steer-
ing shaft.

11. A torque sensor for detecting a torque, compris-

means for producing an oscillating voltage;

a first coil to which the oscillating voltage is applied
and which produces a first voltage corresponding
to the torque to be detected and an ambient temper-
ature; |

a second coll to which the oscillating voltage is ap-
plied and which produces a second voltage corre-
sponding to an ambient temperature;.

first detecting means for detecting the maximum
value of the first voltage;

second detecting means for detecting the maximum
value of the second voltage;

an operational amplifier for accepting a detected
voltage from said first detecting means at one of a
noninverting input terminal and an inverting input
terminal and a detected voltage from said second
detecting means at the other of the noninverting
and inverting input terminal, and for differential-
amplifying the two input voltages;

means for producing a constant voltage of a magni-
tude smaller than the oscillating voltage input to an
operational amplifier during 0perat10n of said oscil-
lating means;

a diode connected to one of the noninverting or in-
verting input terminal of said operational amplifier
for applying the constant voltage to the noninvert-
ing or inverting mput terminal of said operational
amplifier when the oscillating operation of said
oscillating means ceases.

12. A torque sensor according to claim 11, further

comprising;:

means for providing an offset voltage to the nonin-
verting input terminal of said operational amplifier.

13. A torque sensor according to claim 11, wherein

sald torque sensor is mounted in a power steering
apparatus for providing steering assisting power
for a vehicle, and detects a torque exerted on a
steermg shaft when a steering wheel of the vehicle
is turned. |

14. A torque sensor for detecting a torque exerted on

a steering shaft, comprising:

means for producing an oscillating voltage;
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a first coil mounted in encircling relationship to the
steering shaft for producing a first voltage corre-
sponding to the torque exerted and an ambient

- temperature when the oscillating voltage is ap-
plied; |

a second coil mounted in encircling relationship to
the steering shaft for producing a second voltage
corresponding to an ambient temperature when the
oscillating voltage is applied;

two first clamping means for clamping the first volt-
age;

two second clamping means for clamping the second
voltage; |

two first detecting means for detecting a peak voltage
from an output of each of said first clamping
means;

two second detecting means for detecting a peak
voltage from an output of each of said second
clamping means; |

two operational amplifiers each for accepting a de-
tected voltage from one of said first detecting
means at one of a noninverting and inverting input
terminals and a detected voltage from one of said
second detecting means at the other of the invert-

10

15

20

25

30

35

45

20

35

65

10

ing input and noninverting terminals, and for dif-
ferential amplifying the two mput voltages;

two means each for providing an offset voltage to one
of the noninverting and inverting input terminals of
each of said operational amplifiers;

means for producing a constant voltage of a magni-
tude less than that of the oscillating voltage applied
to a said operational amplifier during operation of
said oscillating means; and

a diode connected to the noninverting or inverting
input terminal of one of said operations amplifiers
for applying the constant voltage to the noninvert-
ing or inverting input terminal of said one of said
operational amplifiers when said oscillating means
ceases operation to shift the output of the differen-
tial amplifier to which the prescribed voltage is
applied outside a prescribed voltage range.

15. A torque sensor according to claim 14, wherein:

said first clamping means and said second clamping

means each clamp the voltage by applying a bias
such that the waveform of the voltage is shifted to

the positive voltage side until the maximum nega-
tive value of the input voltage becomes equal to 0
V.
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